Clean energy is vital for the sustainability of any economy in the world. Many industrialized nations have increased their production capacity of renewable energy while other countries lacking the technical expertise and resource have resorted to import these technologies. The imported technologies mostly have standards that are followed by the manufactures while others are manufactured cheaply and exported to developing countries that do not have adequate standards and certification bodies. Nigeria which is a fast growing country has no existing standards to check the influx of renewable energy technologies into the country. This study stresses the need for the development of standards for renewable energy technologies in order to prevent the importation of substandard renewable energy technologies in Nigeria. The study reviews the renewable energy potentials in Nigeria, introduces the concept of standardization and discusses the development of standards for renewable energy technologies.
Introduction
Energy is an important factor for socioeconomic development and economic growth of any nation. Energy is usually stored in energy system which provides energy services. Energy services are desired and useful products, processes or services that result from the utilization of energy like lighting, powering of home-based appliances such as air-conditioner, refrigerators, and cookers for cooking. The energy chain to deliver these cited services
Renewable Energy Resources in Nigeria
The global mindfulness of the phenomenon of climate change along with the anticipation of conventional energy scarcity have prompted many countries to develop a more sustainable energy system to cater for economic development and growth. Clean and environmental friendly energy can only be achieved through the proper utilization of renewable energy technology [7] . The renewable energy resources in Nigeria are as enormous as they are diverse [8] . However, the problem lies with the level of utilization which is very low. A long term commitment from the Government of Nigeria (GON) is crucial in implementing any kind of policies which will lead to renewable energy development, this can be seen in countries like Germany, Denmark, Japan and more recently, South Korea [9] .
Nigeria's opportunity to improve the standard of living for its citizens, ensuring socioeconomic and political growth depends on the nation's ability to increase energy supply and proper utilization of its energy resources starting from the grassroots level [10] . Renewable energy technology has great potentials in alleviating the staggering energy situation currently being experienced in Nigeria. The potentials of renewable energy resources in Nigeria is about 1.5 times that of conventional energy resources in energy terms [11] . Table 1 [12] shows the renewable energy resources in Nigeria and they are discussed in the following subsections. It should be noted that biomass energy was not discussed in this study because biomass energy technology includes biomass plants and therefore this study only focused on solar, wind and hydropower.
Solar Energy
Among all the renewable energy resources available, solar is the most promising of them all due to its apparent limitless potentials. The energy that is radiated from the sun is about 3.8 × 1023 KW per second and most of it is transmitted radially as electromagnetic radiation which gives about 1.5 KW/m 2 at the boundary of the atmosphere, a square meter of the earth's surface can receive solar power of about 1.5 KW which averages about 0.5 daily [13] .
Nigeria is located within a high sunshine belt and solar radiation is well distributed within the country. The intensity of solar radiation exhibits remarkable variation from the northern region to the southern region but is higher in the northern region as shown in Figure 1 [14] . With an average domestic load demand of 2324 Wh/m 2 per day [15] , Nigeria has a solar radiation potential of about 6500 Wh/m 2 in the far north and 4000 Wh/m 2 in the southern part of the country. Given an average solar radiation level of about 5500 Wh/m 2 , and prevailing efficiencies of commercial solar electric generators, then if solar collectors were employed to cover about 1% of Nigeria's land area of 923,773 KM, about 1850 × 103 GWh of solar electricity could be generated per year [16] [17].
The Energy Commission of Nigeria (ECN) has made some effort to harness the solar energy within Nigeria through the direct coordination of research and development activities undertaken by the Sokoto Energy Research Center (SERC) and the National Center for Energy Research and Development (NCERD) [18] . However, this effort has seen little or no significant impact in improving the energy situation in Nigeria. There is need for a strong industrial infrastructure which will be effective in the complete utilization of solar energy in Nigeria.
Wind Energy
Wind is a natural phenomenon related to the movement of air masses caused primarily by the movement of air masses caused primarily by the different solar heating of the earth's surface. Seasoned variations in the energy received from the sun affects the strength and direction of the wind. The ease with which aero turbines transform energy in the moving air to rotary mechanical energy suggest that the use of electrical devices to convert wind energy to electricity. For decades, wind has been used for water pumping and milling of grains [1] . Wind speed in Nigeria ranges from 4.0 to 6.0 m/s in the northern part of the country and 2.5 to 4.0 m/s in the southern part of the country as shown in Figure 2 [19] . With this amount of wind energy potential, small scale wind turbine could be installed to boost electricity supply and also be integrated into the national grid [8] .
Despite Nigeria's exploitable wind energy resources, the present share of wind energy in the national energy consumption has been low with no available commercial wind farms but only standalone wind power plants for pumping water which were installed in 5 northern states during the 1960s. Also, a 10 MW wind turbine is currently installed in Katsina state to tap into the wind energy potentials in northern Nigeria. More effort should be put in to adequately harness the wind energy potential in Nigeria.
Hydropower
Hydropower generation is an important option to meet the growing demand for energy worldwide. In 2004, the world hydropower capacity was 2810 TWh and is projected to increase to 4903 TWh by the year 2030, with a growth rate of 1.8% per year, but its share still remains at 2% of the world energy supply [19] . Hydropower resources in Nigeria was first harnessed in 1962 by the Niger Dams Authority. Hydropower generation in Nigeria has substantial potential like the small, mini and micro water capacity for electricity generation but its total power contribution has declined in recent years due to some technical reasons [20] . Moreover, the use of oil and gas for power generation has had a negative impact on hydropower development in Nigeria [21] .
Notwithstanding, small hydropower (SHP) is fast gaining rapid consideration due to its inherent advantages like in-excessive topography problems, low environmental impact, minimal civil works and high possibility for power generation along with irrigation and flood prevention. Research has been conducted by [22] and shows that about 738 MW of SHP could be harnessed from 278 sites based on the 1980 survey. However, the SHP potential in Nigeria is estimated at 3500 MW which represent about 23% of the total hydropower potential in the county.
Hydro capacity depends mainly on annual rainfall levels, with its distribution as well as the river systems which is subject to seasonal drought. In the northern part of Nigeria, the total rainfall is about 500 mm depth with a total precipitation which last for 3 months in a year while the southern part of the country has 3400 mm with a precipitation which may be less than 8 months a year [23] . Figure 3 shows the various water ways in Nigeria [24] . The government should do more to develop SHP to its full extent in order to improve power generation and reduce fiscal loads. 
Renewable Energy Policy
The Energy Commission of Nigeria (ECN) has a mandate as an agency to develop and promote renewable energy technologies in Nigeria with strategic energy planning, policy coordination and performance monitoring for the entire energy sector. The ECN also has the responsibility of providing guidelines for the utilization of the various energy types for the different purpose and develop recommendations on new exploitable sources of energy. This includes renewable energy [25] .
The Federal Government of Nigeria (FGN) in 2003 approved the National Energy Policy (NEP) which was facilitated by the ECN to articulate the sustainable exploitation and utilization of all energy sources. The key elements of the NEP on the development and utilization of renewable energy and its technologies are as follows:
• To develop, promote and harness the renewable energy resources of Nigeria and incorporate all viable ones in the national energy mix; • To promote decentralized energy supply, especially in rural areas, based on renewable energy resources; • To deemphasize and discourage the use of wood as a fuel; • To promote efficient methods in the use of biomass energy resources; • To keep abreast of the international development in the renewable energy technologies and applications [26] .
In 2006, the ECN also formulated the Renewable Energy Master Plan (REMP) as part of the strategy to reduce Greenhouse Gas (GHG) emission in Africa and address the challenges hindering the development of clean, reliable, secured and competitive energy supply [27] [28] . The REMP main objectives are given below:
• To develop and implement strategies that will achieve a clean reliable energy supply mechanism to develop the sector based on international best practices, to show case viability for private sector participation; • To provide a comprehensive framework for developing renewable energy that will ensure:  Expanding access to energy services to Nigerians;  National agenda on emission reduction;  Raising the standard of living, especially in the rural areas;  Stimulating economic growth, employment and empowerment;  Increasing the scope and quality of rural services, including schools, information, health services, entertainment, and water supply and reducing rural urban migration [29] .
The REMP aims at a 10% renewable energy contribution to the national energy mix by 2020 through the adoption of a renewable portfolio standard (RPS). A RPS is a requirement for electric utilities to supply a specific amount of electricity to customers. This can be achieved through the purchase of renewable energy certificates from suppliers with a larger share of renewables in their energy mix. Other measures considered are the creation of innovative fiscal and market incentives to promote renewable energy industries, as well as preferential customs duty exemptions for imported renewable energy technology components. However, the lack of implementation of the master plan has meant that the 10% target of renewable energy mix in the energy supply cannot be achieved. The REMP is presently being subjected to a review, likely resulting in the setting of new targets. It will be essential that any future targets set for the attainment of a RE energy mix should be backed by legislation to ensure compliance, which is presently lacking.
Similarly, the National Policy and Guidelines on Renewable Electricity (NPGRE) was produced in 2006 with the main aim to expand the market for renewable electricity by 5% of the total electricity generation by 2016. The strategy for achieving this target included: encouraging local manufacture and assembly of renewable energy components, provision of subsidies, and establishment of technical standards for RE components and introduction of feed-in-tariffs. The strategy is yet to be fully adopted as the reforms in the energy sector are still ongoing and decisions on tariffs and subsidies for renewable energy and other incentives have not yet been taken [8] .
Barriers to Renewable Energy Development
Renewable energy in Nigeria has been inconsistent with minimal or no significant impact in the lives of Nigerians. Many barriers hinder the development and diffusion of renewable energy in Nigeria, including the following [30] :
• The lack of proper institutional framework which is due to the weak coordination between government ministries and agencies. These institutions are responsible for the promotion and development of renewable energy technologies in both the rural and urban areas; • Low human capacity in the field of renewable energy development. Capacity building in the areas of training to install, operate, maintain and manufacturing of renewable energy is lacking in Nigeria; • Non-existing Power Purchasing Agreements (PPA) plan for renewable energy generation to the utility grid.
The PPA set the terms in which electricity is marketed and determines the delivery location, power characteristics, pricing, quality, schedule and terms of agreements including the punishment for breach of contract; • Affordability of renewable energy technologies involves high cost of capital as compared to conventional energy. This has posed a lot of problems to investors who face the problem of high transaction costs and restricted to funds or capital. Consumers on the other side also face difficulty in purchasing these technologies because of its expensive cost of purchase; • The lack of public awareness has negatively affected the development of renewable energy in Nigeria. Most Nigerians view renewable energy technologies as new technologies that are only for the wealthy in the society. This has made the most of the population who are low income earners to depend on conventional energy which is cheaper; • Uncertified/poor quality renewable energy technologies now flood the markets in Nigeria. This has led to the withdrawal of most potential consumers because most renewable technologies easily damaged due to their low quality and the replacement parts or services usually cost a lot to obtain. Nigeria presently lack the proper standards in renewable energy technologies.
Strategies to Enhance Renewable Energy Development
As Section 2.5 highlighted the barriers to renewable energy development, this section will offer some strategies which will promote renewable energy development in Nigeria:
• Placing subsides on renewable energy technologies and also improving access to micro finance loans by potential consumers; • The government should do more in the area of public awareness campaign to promote renewable energy technologies; • Research and development in the area of renewable energy should be encouraged. This will enable the growth of human capacity and ensure that the technologies which are mostly imported can be manufactured in the country; 
Standardization
The process of establishing and applying standards, standardization is defined by the International Organization for Standardization as "the process of formulating and applying rules for an orderly approach to a specific activity for the benefit and with the cooperation of all concerned, and in particular for the promotion of optimum overall economy, taking due account of functional conditions and safety requirements". Standardization can be applied to specific products, as well as to, for example, norms, requirements, methods, terms, and designations commonly used in international trade and in science, engineering, industry, agriculture, construction, transportation, culture, public health, and other spheres of the national economy [31] . Standardization has a significant influence on the rate of development and level of production. Standardization provides the following advantages: • Better product quality, reliable and durable life service; • Components or parts mass production at a low cost; • Availability of parts for replacement and maintenance; • Less time and effort (productivity is high) for manufacture; • Sizes and grades variations correction.
The concept of standardization uses numbers to limit unnecessary variations in sizes and grades of products, the general requirements indicates that such requirements are satisfied when it follows a geometric series. In international business, standards are applied to penetrate the markets in such a way that the products are made to fit into the requirements of any country. To do so, the need to follow the internationally recognized guidelines arises. Examples of products standard includes fuel economy and airbag specifications.
Definition of Standards
A "standard" can be defined as a specification (or a set of specifications) that relates to a product's attributes [32] . The International Organization for Standardization (ISO) defines standards as "a document, established by consensus and approved by a recognized body that provides, for common and repeated use, rules, guidelines or characteristics for activities or their results, aimed at the achievement of the optimum degree of order in a given context" [33] . In the WTO, definition for standards differentiates voluntary standards and technical regulation, where standards are voluntary and technical regulations mandatory with administrative provisions [34] .
The IRENA defines standards as "a repeatable, harmonized, agreed and documented way of doing something. Standards contain technical specifications or other precise criteria designed to be used consistently as a rule, guideline, or definition. They help to make life simpler and increase the reliability and the effectiveness of many of the goods and services we use" [35] . Some economists have given various definition of standards, among them are; Alfred Marshall who defined standards as "customs" that recorded technical progress, firstly in an informal manner and then in a formal manner starting in industrial era [36] . David et al. (1990) defined standards as "a set of technical specifications adhered to be a producer, either tacitly or as a result of formal agreement" [37] . Richard et al. (1995) defined standards as "agreed external points of reference to which the physical and performance characteristics of technologies can be compared" [38] .
From the above literatures we can understand that standards are published documents that establish specifications and procedures designed to maximize the reliability of the materials, products, methods, and/or services people use every day. Standards address a range of issues, including but not limited to various protocols to help maximize product functionality and compatibility, facilitate interoperability and support consumer safety and public health.
Standards form the fundamental building blocks for product development by establishing consistent protocols that can be universally understood and adopted. This helps fuel compatibility and interoperability and simplifies product development, and speeds time-to-market. Standards also make it easier to understand and compare competing products. As standards are globally adopted and applied in many markets, they also fuel international trade.
It is only through the use of standards that the requirements of interconnectivity and interoperability can be assured. It is only through the application of standards that the credibility of new products and new markets can be verified. In summary standards fuel the development and implementation of technologies that influence and transform the way we live, work and communicate.
Process of Standards Development
The process of developing a standard is typically facilitated by a Standards Development Organization (SDO), which adheres to fair and equitable processes that ensure the highest quality outputs and reinforce the market relevance of standards. SDOs, such as IEEE, IEC, ISO, and others, offer time-tested platforms, rules, governance, methodologies and even facilitation services that objectively address the standards development lifecycle, and help facilitate the development, distribution and maintenance of standards. While the goals of each SDO are essentially the same, each SDO applies its own rules, processes, and terminology to the standards development process. Typically, each SDO is comprised of boards, committees and staff who establish and maintain the policies, procedures and guidelines that help ensure the integrity of the standards development process, and the standards that are generated as an outcome of this process.
The development of a new standard is typically triggered by a formal request, submitted to an SDO by a Sponsoring Body (individual or entity, such as an industry society) for review and evaluation. The SDO mandates, oversees, and helps facilitate the process for standards development. The Sponsor for the standards project assumes responsibility for the respective area of standards development, including the organization of the standards development team and its activities. Once the SDO approves the request to develop a new standards development project, the Sponsor follows the SDOs rules and processes to recruit and assemble a collaborative team or "Working Group" to engage in active standards development (note: the term "Working Group" is an IEEE term. Working Groups may be called different names by the various SDOs, and may follow slightly different processes). Working Groups are comprised of individuals and/or entities (people, companies, organizations, non-profits, government agencies) who volunteer to support the development of standards [39] .
Collectively, these volunteer participants carry a specific interest in a specific area of development as producers, sellers, buyers, users and/or regulators of a particular material, product, process or service. When a Working Group is formed the Working Group officers may either be elected by the Working Group members or appointed by the Sponsor. Consult the Sponsor's policies and procedures and the Sponsor's Working Group policies and procedures for details. Working Group officers oversee the standards development project in adherence to SDO rules and process, and remain accountable to the project Sponsor and the governance structure of the SDO itself.
Based on the rules and criteria established by the SDO, participants may contribute at varying levels to the standards development process. For example, the IEEE Standards Association (IEEE-SA) has established rules related to membership and participation, and employs a separate "Entity Standards Development Process" for standards that are sponsored by entities (such as corporations, governments, non-profits, associations or other organizations, etc.). Such rules help ensure that highly dedicated individuals lead participation and no one interest dominates the standards development process. Working Groups leverage these rules and guidelines and establish their own individual, organizational, communications and meeting structures, and govern work process, activities, consensus building, decision making, balloting and even financial reporting in accordance with SDO rules. To build consensus through democratic means, participants engage in meetings, draft and review position pieces, create and review presentations, examine data and engage in active discussion and debate to resolve outstanding issues. These activities fuel the gradual definition of each standard, which is compiled into a draft standard that may undergo multiple revisions. Once a draft standard has been finalized, reviewed, and approved by the Working Group, it is submitted to the Sponsor for Sponsor balloting. Upon successful completion of the Sponsor ballot, the draft is submitted to the Review Committee (RevCom). The balloted draft is reviewed by RevCom and then submitted to the Standards Board for approval. After submission, review and acceptance, the approved standard is published and made available for distribution and purchasing within in a number of outlets, including through the SDO itself [39] [40].
It is important to remember that standards are "living documents", which may initially be published and iteratively modified, corrected, adjusted and/or updated based on market conditions and other factors. At any given point in time, therefore, a standard may be referred to as having a number of different "status" classifications.
These include (see Figure 4 ): • Approved Project-An initial project request is approved, in stages of group formation.
• Active Project-An active standards development project.
• Withdrawn Project-A cancelled standards development project.
• Approved Standard-The standard is approved and published for public use.
• Withdrawn Standard-The standard is no longer market relevant or active.
• Superseded Standard-The standard has been replaced by a new standard.
In keeping with the standards development lifecycle, Working Groups may also go through periodic stages of activity or dormancy. Depending on where a standard is in its lifecycle a standard may be accompanied by supplemental documents that are produced by its respective Working Group. These may include errata (which address errors in the standard), amendments (which modify sections of the standard), corrigenda (which only correct errors or ambiguities in a standard), handbooks, tutorials and other related materials. Supplemental documents help interested parties better understand and apply the standard [39] . 
Roles and Functions of Standards
Standards are established through government policies or consumer protection organizations to protect the consumers of various goods and services as most consumers have little or no choice in what they are offered. In rural communities in developing countries, consumers do not generally have the luxury of comparing features and selecting their suppliers or products from the Internet. Hence, the role of standards is to ensure that whatever product or service is provided to the consumers is fit for purpose, safe and has value. An important aspect of this protection is to ensure the product or service delivers as claimed, performs as specified, and is reliable, durable and safe. In many cases renewable energy standards and conformity assessment can be the catalyst in providing alternatives to systems which are sometimes unsafe, operate with low efficiency, and use fossil fuel energy with possible detrimental effects on health. This is achieved by providing confidence and trust in renewable energy products and those who provide energy-related services. Standards also have the ability to allow those not typically trained in these energy sources to reach a level of understanding that allows them to provide, install or operate systems for themselves or under reduced supervision. This is achieved by providing guidance and best practice in designing, specifying, installing and maintaining the systems. A good example is the set of international standards for rural electrification. Standards also provide an effective framework for harmonizing information flow, understanding technical product design, manufacturing and service requirements, as well as establishing common rules and requirements. Standards should enable all these functions to take place while ensuring there is flexibility for the product, service, system provider and user [35] .
The "De Facto" and "De Jure" Standards
A "de facto" standard is one created almost by default because of one dominant player in that industry. A "de facto" standard can also be described as a standard that achieved its status as a result of market competition. For example, Windows for personal computers or VHS for video cartridge recorders are typical de facto standards. A process that a product becomes a standard after it is brought to the market and exposed to competition is called the "classical model". For this instance, such case as Microsoft which maintains monopoly in the market is quite unusual. It is more common that several companies form a group, and those several groups make competition among each other and the winner is determined. A process that a winner is determined after products are brought to the market imposes a heavy burden on companies as they already have completed their capital investment. Consumers also get lost, as even if they purchased products, those styles may no longer be seen in the market some time later. A good example is that consumers felt inconvenience if they had bought video tapes of beta system for some time as they only saw those of VHS system some time later and those tapes previously bought could not be used anymore. Other de facto standards include QWERTY keyboard, Microsoft Word format for documents and Adobe Postscript languages for laser printers [41] [42] .
The opposite of an informal "de facto" standard is the "de jure" standard, which means "by force of law". The de jure standards are standards that are developed after going through a certain procedure or official organization. Those standards developed by ISO or IEC are developed through a procedure that experts gather from all over the world and discuss on standardization proposals, which are finally approved through voting by national standards institutes. Japan's standards JIS are also developed going through a procedure that JISC first deliberate a proposal and competent ministers finally make decision to incorporate the proposed standards in the JIS. Korea's Standards KS are developed by Korean Standards Association which is a public organization under the Korean Ministry of Trade, Industry & Energy (MOTIE) to carry out industrial standardization, certification, and quality promotions thereby contributing to national economy of Korea. However, de jure standards are developed through a transparent and democratic procedure. As companies bring their products to the market based on de jure standards, they do not impose excessive burden on corporations or consumers. However, development of de jure standards takes a long time. They are not suitable for products with short cycle such as IT-related products. Examples of de jure standards include Internet TCP/IP protocol, Wireless 801.11n and Unicode international character encoding [41] [42] .
As a result, a new type of standards "forum standards" has been introduced recently, which adopts the positive parts of both de fact standards and de jure standards. Influential companies get together to form a standard before bringing products to the market, so that neither companies nor consumers need to take risks [41] .
Standards Regulatory Agency in Nigeria
The only standards regulatory agency in Nigeria is the Standards Organization of Nigeria (SON) which was es- Presently, Nigeria (SON) is a member of the International Organization for Standardization (ISO) with Participating (P-Member) and Observer Member (O-Member) in various Technical Committees (TC) and Project Development Committees (PDCs) [43] . Among all the standards available in the SON, there is none that is responsible for the standards of renewable energy technologies as at present. However, the next section describes a developmental process in which a renewable energy standard could be formulated and adapted by the SON.
Development of Renewable Energy Standards
Currently, the SON maintains 33 Standing Technical Committees (TC) which also have sub technical committees that deals with specific issues. The various TC usually creates a forum wherein the various experts are harnessed in the development of standards. A draft standard is usually prepared by the SON Technical Officers in the Organization depending upon the priority or work programme of the directorate and on the need or demand from the stakeholders. The officers, thereafter collect the relevant scientific data related to the draft standard under development from technical literatures including journals, laboratory tests results and factory inspections among others. The draft is then sent out to the TC members for review. The comments are received and collate the and the meeting of the relevant TC is held to review the comments and evaluated all quality parameters being prescribed are accepted by consensus to be adequate for approval by the Nigeria Standards Council or in its absence the Honorable Minister of Supervision Ministry of the Standards Organization of Nigeria, Approval of National Standards. The responsibility of authorization of National Standards as per the Act establishing SON is vested in the Organization's Governing Council also referred to as Nigeria Standards Council. In absence of the Council, the Honorable Minister, Federal Ministry of Trade and Investments has the responsibility to approve a standard for use. Apart from development of new standards, existing standards are revised or reviewed so that the outdated matches with the current quality parameters. The procedure for review of standards is the same with that of drafting new ones. Standards are reviewed after three years, if there is technological development in the sector concerned or where inadequacies are observed. When standards reviewed and are no longer relevant for the purposes they were developed are withdrawn [43] .
As earlier discussed in this study, the SON does not have any form of standards for renewable energy technologies present. However, development of renewable energy standards would be a welcomed development. The testing and proper certification of renewable energy equipment for off-grid or small scale application will still face some challenges. These challenges could come from the political class or importers who import substandard products into the country. Most renewable energy products are imported from China into the Nigerian market without proper product certification. Some of the imported technologies include solar panels, inverters, energy storage systems, small hydropower (SHP) units and wind turbines.
The deployment of renewable energy depends on some issues which are external to standards like Feedin-Tariffs (FiTs), planning, environmental factors, building regulation and economic development. Standards will be used along with various policies, certification and regulation to open up renewable energy market.
Developing renewable energy standards involves high cost and is time consuming, this has hindered actors from participating in the process of renewable energy standards development. Development of renewable energy standards can be achieved if the SON collaborate with the ECN and other relevant bodies in engaging more external stakeholders who will make use of reports, case studies, research articles and various workshops to ensure that proper standards are developed for renewable energy technologies. These activities will improve the mix of experts that will in turn improve the quality of the standards under development. The SON will need to increase its TC to accommodate experts in the field of renewable energy. The SON should also engage specific projects related to renewable energy standards development as well as promote knowledge dissemination in renewable energy technologies.
Cost of Standards
Some challenges are faced by standard bodies in the developing countries is have the right standards in the first place and to have access to purchase the standards and also to keep them up to date. The cost implications for the standard organizations in the developing countries and emerging markets can make the difference between adopting the already existing internationally developed standards, producing local requirements or the complete rejection of the standards. The cost of standards may be seen as a barrier to the adoption of standards, but in the case of Nigeria, it should be seen as means to ensure that her citizens are protected from poor quality renewable energy technologies manufactured with the best practice of standardization. However, some recommendations for small renewable energy and hybrid systems are provided in Table 2 for rural electrification (see [35] ).
Recommended Standards for Renewable Energy Technologies
Below are some recommended standards currently available through the International Organization for Standardization (ISO). These recommended standards should be used as an immediate measure to address the issue of substandard importation of renewable energy technology.
• ISO/TC 180 Solar Energy Standardization in the field of solar energy utilization in space and water heating, cooling, industrial process heating and air conditioning.
• IEC/TC 82 Solar Photovoltaic Energy System
Includes the entire field from light input to a photovoltaic cell to and including the interface with the electrical system(s) to which energy is supplied.
• IEC/TC 88 Wind Turbines These standards address design requirements, engineering integrity, measurement techniques and test procedures. Their purpose is to provide a basis for design, quality assurance and certification. The standards are concerned with all subsystems of wind turbines, such as mechanical and internal electrical systems, support struc- tures and control and protection systems. They are intended to be used together with appropriate IEC/ISO standards.
• IEC/TC 4 Hydraulic rotating machinery and associated equipment allied with hydro-power development.
• ISO/TC 238 Solid Biofuels
Standardization of terminology, specifications and classes, quality assurance, sampling and sample preparation and test methods in the field of raw and processed materials originating from arboriculture, agriculture, aquaculture, horticulture and forestry to be used as a source for solid biofuels. Excluded: areas covered by ISO/TC 28/SC 7 Liquid biofuels, ISO/TC 193 Natural gas.
• ISO/PC 248 Sustainability Criteria for Bioenergy Standardization in the field of sustainability criteria for production, supply chain and application of bioenergy. This includes terminology and aspects related to the sustainability (e.g. environmental, social and economic) of bioenergy.
• ISO/TC 255 Biogas Standardization in the field of biogas.
Recommendations to Standards Organization of Nigeria
The Standards Organization of Nigeria which is the standard body in Nigeria will need to make some adjustment to its policy in order to protect the citizens of Nigeria from the influx of poor quality renewable energy products into the country. Some recommendations are given below:
• Develop standard compliance cooperation with foreign countries where most of the renewable energy products are manufactured; • Development of renewable energy standards with the cooperation of international standard bodies in the field of renewable energy; • Promote the training of experts through development programmes, constructing standard databases, designating a permanent agency or commission for the promotion and implementation of renewable energy product standard; • Implement laws for the promotion of renewable energy standardization plans, organization, budget and human resource development; • Revise a number of laws and articles to ensure that renewable energy standardization is embedded in the political framework; • Ensure that each renewable energy product imported into the country by an importer are given After Sales Service (ASS) for up-to 5 years from the time of purchase to the consumer.
Conclusions
For sustainable energy to be achieved in any country, clean energy development has to be a national priority. The issues of climate change have alerted most governments around the world to mitigate global warming by moving towards renewable energy adoption and incorporation into their energy mix. The manufacturing of renewable energy technologies like solar panels, solar thermal, inverters, energy saving systems, various kinds of wind turbines and hydropower systems has increased in recent times. Most countries like South Korea, Japan, China and the US manufacture these renewable energy technologies according to their own specification and standards and export it to other countries that do not have the technical expertise or resources to produce theirs. While this may sound good, some countries do manufacture substandard renewable energy technologies and export it to developing countries that may not have proper standards bodies to check the imported products into their market. Nigeria has abundant renewable energy resources but do import the technology which is able to harness the renewable energy potential. These technologies are usually substandard and are dangerous to her citizens. This study has discussed the necessity of the development of standards for renewable energy technology which is imported, stressed the need to develop local content in the field of renewable energy and given some recommended standards that could be applied. Nigeria has a standard body which is the Standards Organization of Nigeria (SON) but no standards have been made available for renewable energy technologies. However, the country depends on standards set by other countries that export the technologies.
However, some immediate measures should be put in place by the SON to protect Nigerian citizens from the various substandard renewable energy technologies which include solar panels, inverters, and energy-saving systems. As an immediate measure, the SON should ensure that the technologies which are imported into the country are checked for international standards which are usually granted by International Electrochemical Commission (IEC) and also apply the given recommendation in this study. This will stop the influx of substandard renewable technologies while the SON develops its own standards.
This study strongly believes that the development of standards for renewable energy technologies is of great importance to secure the citizens of Nigeria and also to fast track the development of renewable energy in Nigeria. The study focused on the necessity for the development of standards for renewable energy technologies and recommended some standards but did not propose any standards. Thus, more studies should be undertaken to come up with a proper standard that can be submitted to the SON.
